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This thesis entitled, "Fault classification in rolling element bearing using vibration 
monitoring" mainly focused on the vibration characteristic of different faults introduced 
intentionally on the rolling element bearings. The rolling element bearing used for this 
thesis experiment is called "Deep Groove Ball Bearing".
The machine monitoring software and program tool used in this project is called 
SENTINEL Machine monitoring Software (Type 7107 - Version 4.0) and Brüel & 
Kjaer 2526 Series Data Collector System. The vibration monitoring diagnostic technique 
utilized in this project is called Selective Envelope Detection (SED) will be discussed in 
this thesis.
Overall in this paper introduction will be presented, followed by literature review, 
methodology, result, discussion and conclusion. Finally the key source papers are 
referenced, for those who wish to dig deeper on their own.
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ABSTRAK
Thesis ini yang bery'udul, " Klasifikasi kecacatan pada elemen bebola berputar 
melalui permonitoran vibrasi" terutamanya difokuskan pada ciri-ciri vibrasi bagi 
pelbagai kecacatan yang sengaja diperkenalkan di atas elemen bebola berputar. Elemen 
bebola yang digunakan dalam eksperimen ini dipangil " Deep Groove Ball Bearing".
Permonitoran perisian dan alat program yang digunakan pada thesis ini ialah 
SENTINEL Machine monitoring Software (Type 7107 - Version 4.0) dan Brüel & 
Kjaer 2526 Series Data Collector System. Teknik untuk diagnos permonitoran vibrasi 
dalam projek ini ialah Selective Envelope Detection (SED) dan akan dibincangkan.
Keseluruhan kertas kerja ini merangkumi pengenalan, kajian ilmiah, langkah-langkah 
eksperimen, keputusan, perbincangan dan kesimpulan. Akhir sekali, rujukan-rujuakn juga 
dicatatkan agar membantu sesiapa yang berminat ingin mengkaji lebih lanjut.
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Bearing is frequently used for support and reduction of friction. Generally there are two 
basic types of bearing which are plain bearing and rolling element bearing. Plain bearings 
are based on sliding motion between a stationary and a moving member. Rolling element 
bearings have either balls or rollers that accommodate motion between the stationary and 
moving parts. Rolling element bearings are frequently called "Anti-friction" bearings 
although the frictional torque of a full fluid-film plain bearing can be as low as that of a 
rolling element bearing. However, starting friction in a plain bearing is usually higher 
than that of a rolling element bearing.
1.2 ROLLING ELEMENT BEARINGS
Rolling element bearings have spread throughout industry as the most widely used 
element for transmitting force between rotating machine components. All rolling bearing 
manufacturers make bearings to standardized tolerances set forth by the Anti Friction 
Bearing Manufacturers Association (AFBMA) and the International Standards 
Organization (ISO). Rolling element bearings generally consist of two rings known as the
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inner race and outer race with a set of rolling elements running in their tracks. Normally 
the outer race is located in the bearing housing and the inner race on the shaft. The rolling 
elements take the form of balls or various types of rollers. Rollers can be cylindrical, 
spherical or tapered. Figure 1.1 illustrates the basic types of rolling element bearings.
Radial Cylindrical Spherical
ý: lj? r', fý; " Needle-Rollot
Figure 1.1 Basic Types of Rolling Element Bearings
Due to the rolling element bearing consists of various types of design, which depend on 
their effective load carrying function, so this is beyond the scope of the author to test 
each and every one of the bearings faults. In order to achieve the aim and objective of this
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project, the author had selected the most widely used rolling element bearing called 
"Deep Groove Ball Bearing". This bearing is also known as "Single-Row Radial 
Bearing" due to its design characteristic, mainly to carrying radial load that support loads 
perpendicular to their axis of rotation. However, its also can accommodate some axial 
load that support loads parallel to their axis of rotation and accept slightly angular 
misalignment.
1.2.1 DESIGN COMPONENTS OF BALL BEARING
Deep Groove Ball bearings are, perhaps, the most familiar type of rolling element 
bearing. The rolling elements are usually enclosed between rings called "races". The 
diameter of the outer ring is bigger than the inner ring. Typically, the outer race is 
stationary and the inner race is affixed to a rotating shaft. The balls are held in position by 
a retainer or cage. The assembly of the components for the deep groove ball bearing is 
shown in Figure 1.2.
The inner and outer rings are normally made of SAE 52100 steel, hardened to Rockwell 
`C' value of 60 to 67. The rolling element raceways are accurately ground in the rings to 
a very fine finish that is 16 micro inch or less. The balls are made of the same material 
and ground to a true sphere, and polished to a fine finish. This material has ability carry a 
wide range of loading and able to carry high unit stresses at the contact surfaces. Besides 
its hardness and good load-carrying capacity properties, it also has excellent stability,
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wear resistance, fatigue resistance and corrosion resistance properties. [Eugene A. A
&Theodore B 111, 1987].
Figure 1.2 Deep groove ball bearing components
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1.2.2 BEARING LOADS
The rolling element bearing load can be divided into two main groups, which are radial 
and axial load. Bearings are normally assembled with a slight amount of looseness 
between balls and raceways. This looseness, referred to as Radial Play, which is the 
maximum distance that one bearing ring can be displaced with respect to the other in a 
direction perpendicular to the bearing axis as shown in Figurel. 3.
Figure 1.3 Radial Play
Axial Play, or End Play of a bearing is equal to the total axial displacement of the inner 
ring with respect to the outer ring, in a direction parallel to the bearing axis, under the 
effect of a small measuring force. Contact Angle is the angle between a plane
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perpendicular to the bearing axis and the ball to race contact line. The higher the axial 
play the higher the contact angle and therefore the greater the thrust capacity under axial 
loads. Figure 1.4 shown the deep groove ball bearing axial play and contact angle.
In applications where axial stiffness is required, bearings should be preloaded to remove 
radial play. Preload is the condition where internal clearance between elements and both 
racers become smaller or insufficient. It is normal to preload bearing pairs by pushing 
the inner races together or by pushing the outer races apart. This results in a contact angle 
orientation giving maximum stiffness. As axial force or preload is applied, the contact 
angle increases.
Figure 1.4 Axial Play and Contact Angle
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1.2.3 BEARING ASSEMBLY AND INSTALLATION
Improper assembly or installation of the rolling element bearings can cause machinery 
faults problems before running under operation. In order for a ball or roller bearing to 
perform satisfactorily, the fit between the inner ring and the shaft, the fit between the 
outer ring and the housing must be suitable for a specific application. For example, too 
loose a fit could result in a corroded or scored bearing bore and shaft, while too tight a fit 
could result in unnecessarily large mounting and dismounting forces and too great a 
reduction in internal bearing clearance.
The selection of fit is dependent on the character of the load, the bearing dimensions, the 
bearing operating temperature, the heat expansion of the shaft and other parts, the design 
and the required running accuracy. The material and housing wall thickness influence the 
choice of tolerances for bearing housings. Also, consideration must be given to the fact 
that the shaft deforms differently when it is solid than when it is hollow.
To facilitate bearing assembly, most bearings are fitted loosely to either the shaft or 
housing depending on the part that rotates. The part that rotates must have a press fit in 
order to eliminate wear from differential rolling or "creep. ' Creep occurs when the loose- 
fitted ring is rotating with respect to the load direction.
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1.3 ROLLING ELEMENT BEARING FAULTS
Rolling element bearings are used in almost every kind of machines and devices with 
rotating parts. During operation, bearings are subjected to various forms of damages. The 
forms of faults would occurs either in the elements or both racers could cause the rolling 
element bearings to fail.
As mentioned earlier anti-friction bearings are constructed using several distinct parts 
which are the inner race, outer race, cages or retainers, and the balls or rollers. Faults in 
any of the bearing components will generate specific frequencies dependent upon the 
bearing geometry and rotating speed. These four distinct parts assist us in detecting 
bearing defects. [Ron Barron, 19961. The following are the expected bearing defect 
characteristic frequencies for the respective type of bearing faults as shown in Table 1.1.
BPFO - Ball Pass Frequency, Outer Race n N d 
. 
( 
1 _ cosa 260 D 
BPFI - Ball Pass Frequency, Inner Race n N d 
260 
1 + cos a D 
BSF - Ball Spin Frequency D N 2 d 1_ cost a 2d 60 D 
FTF - Fundamental Train Frequency 1 N 1 _ 
d 
2 60 cosa D
Table 1.1 Rolling Element Bearings Defect Frequencies [Ron Barron, 1996]
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Where: 
N = Shaft Speed RPM (or speed range if applicable) 
n = Number of Rolling Elements 
d =Rolling Element Diameter 
D = Bearing Pitch Diameter (roller center to roller center) 
a = Contact Angle
In actual condition bearing elements rotate with combination of sliding and rolling action. 
For the above-expected bearing defect characteristic frequency assumption had been 
made such that rolling element does not slide but only roll over the raceway surface. By 
calculating the discrete frequencies associated with these four components, we can 
identify which bearing component is defective. Most of the above bearing problems have 
characteristics that are readily discernible from the fundamental running speed of the 
shaft (1xRPM). Typical defects detected in a vibration signature and by analyzing the 
signature, it is possible to determine whether bearing failure has occurred or not. [Ron 
Barron, 1996]
1.3.1 INTRODUCING FAULTS TO BEARING
In order to investigate the different vibration characteristic of any faults in rolling 
element bearing, only one type of fault such as for example spall either on element, outer 
race or inner race, was introduced to the bearing at any one time. Extra care and attention 
was taken while introducing any faults on the elements or the both racers in order not to
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